Introduction Introduction Introduction Introduction Introduction
Cyclooxygenases play a key role in the biosynthesis of prostaglandins [1, 2] . Two isoforms of COX have been identified in human cells: COX-1 and COX-2, each encoded by a different gene [3, 4] . Constitutive expression of COX-1 has been found in cells in most human tissues [1, 3] while COX-2 is normally expressed only by cells of a few organs such as the brain, testes, trachea and kidney [5, 6] . COX-2 expression may also be induced in endothelial and smooth muscle cells and in fibroblasts after stimulation by growth factors, cytokines, lipopolysaccharides and tumor promoters [7, 8] . Many studies have demonstrated the overexpression of COX-2 in cells of different human tumors, mostly of epithelial origin like cancers of the colon and rectum [9] [10] [11] [12] [13] , breast [14, 15] , stomach [16, 17] , lung [18] , bladder [19] [20] [21] , head and neck [22] [23] [24] , ovary [25, 26] , cervix [27, 28] , prostate [29] and pancreas [30] .
Human skin is composed of cells of different origin and thus the group of skin tumors is much differentiated. Our studies have demonstrated that the development and progression of human cutaneous melanoma are accompanied by a clear increase of COX-2 expression in melanocytes [31, 32] . It should be noted that earlier data on COX-2 expression in 382 382 382 382 382 [33] . Immunohistochemical studies of COX-2 expression in human cutaneous epithelial tumors and in normal skin reported to date have yielded quite inconsistent data. Leong et al. [34] found strong COX-2 expression in squamous cell carcinomas (SCC), while the cells of basal cell carcinomas (BCC) displayed a weak staining. The authors also detected the COX-2 expression of normal skin, but restricted to keratinocytes of the granular and spinous layers. Vogt et al. [35] were not able to detect the COX-2 protein in any of 11 cases of BCC, but observed medium and/or strong expression of the protein in nine of 17 cases of SCC and weak staining in two of six keratoacanthomas (KA). The staining pattern observed for cells of the normal skin was similar to that described by Leong et al. [34] . In the study by Putti et al. [36] , COX-2 expression was detected in 13 of 17 SCCs and eight of 24 KAs. Kagoura et al. [37] examined 16 cases of BCC for the presence of the COX-2 protein and obtained immunostaining of six samples (two -strong, four -weak). The same authors reported slightly stronger COX-2 expression in ten of 13 cases of Bowen's disease (BD) and even stronger in 11 of 15 SCCs. In both types of the lesions, the percentage fractions of COX-2 positive cells in individual lesions varied significantly and metastases expressed COX-2 at lower levels than primary SCC and BD. In normal skin, the COX-2 expression was found only in differentiated keratinocytes, similarly to observations of Leong et al. [34] and Vogt et al. [35] . Nijsten et al. [38] described comparable levels of COX-2 expression in SCCs and actinic keratoses (AK), stronger than in BDs, while in normal skin they were able to detect COX-2 in only two of 35 cases investigated with the staining limited to cells of the granular layer. Interestingly, several authors did not detect COX-2 expression in keratinocytes of granular and spinous layers and instead reported the staining of cells within the basal layer [39] [40] [41] [42] [43] . Müller-Decker et al. [39] observed COX-2 staining of some cells of the epidermal basal layer in only two of nine samples of normal skin. In the same study, clear COX-2 expression was detected in all examined cases of AK, KA, SCC and in one case described as skin cancer in situ. Weak expression of COX-2 was also demonstrated in six of eight BCCs. COX-2 positive cells were present in SCCs in all the skin layers, but the strongest expression was found in the spinous layer of cancer in situ. Kim et al. [40] were able to detect COX-2 expression in only five of ten SCCs, four of ten cases of BD, five of ten AKs and two of ten cases of porokeratosis. At the same time the authors detected COX-2 in eight of ten BCCs. Some of the COX-2 positive lesions displayed a strong staining: BD -50%, AK -20% and BCC -12.5% of positive cases. In normal skin, a weak staining was found in the epidermal basal layer in four of ten specimens. Finally, An et al. [41] did not find any COX-2 expression in normal human skin but the COX-2 positive cells were detected both within the lesions and/or in stroma for ten of 11 SCCs, seven of eight cases of BD, ten of 12 AKs and nine of 16 BCCs. Characteristically, the COX-2 positive cells of BD and SCC were always present in epidermal layers above the basal layer, while BCCs generally displayed positive staining of stromal cells. Only in two cases of BCC were the positive cells present both within the lesions and the stroma.
In this study, we examined specimens of selected types of nonmelanocytic cutaneous lesions (benign and precancerous epithelial lesions, SCCs and BCCs) for differences in both COX-2 expression levels and spatial distributions of the COX-2 positive cells. Immunohistochemical detection of the COX-2 protein was carried out using the procedure elaborated earlier for studies of melanocytic lesions of human skin. . The group of the BCCs included five superficial, 11 nodular, two adnexal, one cystic and two mixed (nodular and infiltrating) types. The group of the SCCs could be stratified according to the differentiation degree into six cases of high, three of medium and one of low degree of differentiation. Eight fibromas were also involved in the study.
Immunohistochemistry. Immunohistochemistry. Immunohistochemistry. Immunohistochemistry. Immunohistochemistry. The procedure of immunohistochemical staining, elaborated and tested using samples of normal human skin, was described in our earlier papers on COX-2 detection in human cutaneous melanocytic lesions 383 383 383 383 383 CO CO CO CO COX-2 expression in nonmelanocytic human cutaneous lesions X-2 expression in nonmelanocytic human cutaneous lesions X-2 expression in nonmelanocytic human cutaneous lesions X-2 expression in nonmelanocytic human cutaneous lesions X-2 expression in nonmelanocytic human cutaneous lesions [44, 45] , making the precipitate easier to detect against the background of melanin present in some of the lesions investigated. Negative control sections were incubated with PBS pH 7.4 solution without primary antibody and did not display any reaction products. Microscopic examination was done using a BX41 microscope (Olympus Optical Co., Tokyo, Japan) with white light illumination. Digital images were acquired with a ColorView III camera (Soft Imaging System, Hanover, Germany) and analySIS 3.2 software (Soft Imaging System).
Quantitative immunohistochemical scoring involved determination of percentage fractions of the COX-2 positive cells. Cell counts were carried out for individual skin layers for three fields of view at magnification × 1,000. Three regions were analyzed for each section: the center and periphery of the lesion and adjacent normal skin. The intensity of immunostaining of individual cells was also determined and classified as weak (blue, +) or strong (dark blue to black, + +). Statistical significance of the data was assessed using Student's t-test with the standard p < 0.05 condition (Microsoft Excel; Microsoft, Redmond, WA, USA).
R R R R Results esults esults esults esults
We investigated the intensity and spatial pattern of the expression of COX-2 in 74 nonmelanocytic skin lesions and in the adjacent normal skin. Immunoreactivity of the COX-2 protein showed cytoplasmic, often perinuclear, staining in both tumor and normal skin cells.
Normal skin adjacent to the lesions showed characteristic pattern of positive staining of keratinocytes of the spinous and granular layers. The staining intensity increased towards the skin surface and was slightly stronger in the granular layer than in the spinous layer. No expression of COX-2 was observed in the basal layer. COX-2 expression and the spatial distribution of the COX-2 positive keratinocytes were similar in normal skin surrounding skin lesions of different types i.e. benign, precancerous and malignant (Figures 1, 2A) .
The COX-2 expression in benign epithelial skin lesions (verrucas and papillomas) was similar to that in the normal skin (Figures 1, 2A, B, 3A) . The staining pattern was the same for central and peripheral regions of the lesions.
All three types of precancerous lesion (AK, KA and BD) expressed COX-2 significantly more strongly than the benign lesions, both in terms of percentage fractions of the COX-2 positive cells and of the contribution of cells with a strong (+ +) staining (Figures 2C, 3B ). Enhanced COX-2 expression was observed in the spinous and granular layers of the epidermis. Moreover, unlike the normal skin and benign lesions, the precancerous lesions also showed staining of keratinocytes of the epidermal basal layer, although the percentage fraction of the COX-2 positive cells was in this layer significantly lower compared to the spinous layer ( Figure 3C ).
BCCs expressed COX-2 weakly at levels lower than the benign epithelial lesions (p c = 0.02, p b = 0.01). Percentage fractions of the COX-2 positive cells were similar (within limits of standard deviations) in all the histologic types of BCC investigated ( Figure 3D ). The highest fractions of cells with positive staining were Figure 1 . Figure 1 . Figure 1 . Figure 1 . also less often demonstrated strong (+ +) staining ( Figures 2D, 3E) .
Unlike the BCCs, all the SCC lesions showed very strong COX-2 expression, comparable to the expression detected in the precancerous lesions (p c = 0.3, 385 385 385 385 385 CO CO CO CO COX-2 expression in nonmelanocytic human cutaneous lesions X-2 expression in nonmelanocytic human cutaneous lesions X-2 expression in nonmelanocytic human cutaneous lesions X-2 expression in nonmelanocytic human cutaneous lesions X-2 expression in nonmelanocytic human cutaneous lesions Figure 3 . Figure 3 . Figure 3 . Figure 3 . (Figures 2D, E, 3G ) and the differences were statistically significant. No differences were found between SCCs of different grades of differentiation ( Figure 3H ). Also the cancer cells present in different skin layers showed similar levels and patterns of COX-2 expression.
Fibromas expressed COX-2 at very low or undetectable levels ( Figures 2F, 3I) . Normal skin surrounding fibromas showed a staining pattern similar to that of normal skin adjacent to epithelial lesions.
Finally, there was no difference in the data obtained for central and peripheral regions of the lesions.
Discussion
Discussion Discussion Discussion Discussion Despite 15 years of study, neither the role nor the patterns of COX-2 expression in normal human skin and cutaneous pathologic lesions have yet been fully elucidated. Literature data on COX-2 expression in normal skin varies from reports of nondetectable expression levels [41] , to the expression observed only in some cells of the granular and spinous layers of the epidermis [34, 35, 37] or restricted exclusively to the epidermal basal layer [39, 40, 42, 43] . Leong et al. [34] described an association between differentiation of human keratinocytes in vitro and expression of COX-2. Well known possible sources of discrepancies in the reported results may include differences in antibodies used, preparation of the material from fixation and embedding to antigen retrieval, etc.
In this work, and in our earlier studies of COX-2 in melanocytic cutaneous lesions and in adjacent skin [31, 32] , we have consistently observed in a large number of samples of normal human skin positive staining of keratinocytes of the granular and spinous layers. Our present study demonstrated that papillomas, verrucas and normal skin express COX-2 at comparable levels. Thus, development of these benign lesions is not associated with enhanced expression of COX-2 by keratinocytes.
Fibroblasts of normal skin did not express COX-2 at a detectable level. On the other hand, fibromas were characterized by very weak staining of fibroblasts. Adler et al. [46] also reported COX-2 expression in 19 of 20 fibromas; and in 75% of the cases, the fraction of stained cells exceeded 34%.
Precancerous lesions investigated in this study (AK, KA, BD) expressed COX-2 significantly more strongly than the benign epithelial lesions. Interestingly, elevated expression of the enzyme was observed not only in the granular and spinous layers but also in the basal layer which did not show any staining in the normal skin and the benign lesions. Epidemiological data indicates a strong relation between the presence of AK and the development of SCC: 82.4% of such skin cancers were found either within (26.7%) or close to (55.7%) actinic keratoses [47] . The estimated ten--year risk of developing SCC against a background of AK is 13-20% [48] , while for KA the risk of progression to SCC is 3.6-13.9%, depending on the age group [49] . In our study, the precancerous lesions and SCCs expressed COX-2 at a similar level. Although some authors have reported stronger COX-2 staining in SCCs compared to KA [35, 36] more groups have described similar (or only slightly higher) COX-2 expression in SCCs compared to precancerous lesions like AK, KA and BD [37] [38] [39] [40] [41] .
It is thus plausible that elevated COX-2 expression plays a role in the development of SCC. Such a conclusion is further supported by the therapeutic efficacy of diclofenac (COX-2 inhibitor) in the treatment of AK [50] .
BCCs examined in this work showed a weak expression of COX-2, comparable with, or lower than, that observed for the benign epithelial lesions. Such a result is in general agreement with earlier reports of other groups which have described very low COX-2 expression in most BCCs (undetectable in others) [39, 40] or undetectable COX-2 expression in the majority of cases with weak expression found only in a small fraction of the lesions investigated [34, 35, 37, 41] . Taking into account the good reproducibility of our results for a large number of samples of normal skin, and the consistency of the results obtained for BCCs, it seems reasonable to conclude that the reports of undetectable COX-2 expression in smaller or larger fractions of the BCCs examined in earlier studies reflected insufficient sensitivity of the COX-2 detection rather than a lack of the protein in the BCC cells.
The SCCs investigated in this present work expressed COX-2 significantly more strongly than the BCCs. A similar relation has been found in several earlier studies [34, 35, 37, [39] [40] [41] . Differences in both the level and pattern of COX-2 expression by cells of the two types of skin cancer may be due to the fact that SCC originates from more differentiated cells and COX-2 has been suggested to be involved in the differentiation of keratinocytes [34] . Furthermore, the observation that all the SCCs show a similarly enhanced expression of COX-2 independently of the 387 387 387 387 387 CO CO CO CO COX-2 expression in nonmelanocytic human cutaneous lesions X-2 expression in nonmelanocytic human cutaneous lesions X-2 expression in nonmelanocytic human cutaneous lesions X-2 expression in nonmelanocytic human cutaneous lesions X-2 expression in nonmelanocytic human cutaneous lesions The staining pattern observed for SCCs is very different from BCC staining, which is typically limited to a zone of differentiated skin cells with a very weak staining of the cancer cells present in the basal layer and dermis. The staining pattern of BCCs was similar for all the histologic types of the lesions and the expression level did not change even at stages of local invasiveness.
In our earlier study [51] , we also observed strong expression of cyclin-dependent kinase 2 (CDK-2) of the SCC cells across all the skin layers. Similarity of the expression patterns of CDK-2 and COX-2 in SCCs may indicate a role of elevated COX-2 expression in the proliferation of cancer cells. Such a conclusion is further supported by in vitro studies by Higashi et al. [52] who found that inhibiting COX-2 expression caused growth suppression of the SCC cells.
In conclusion, our study demonstrates that neither the development of benign epithelial skin lesions and BCC, nor the local invasiveness of the latter, are associated with enhanced COX-2 expression. An elevated level of this enzyme seems to play a role in the development of SCC. This is evidenced by strong staining found both for the cancerous and precancerous lesions. Significantly higher COX-2 expression in SCC compared to BCC may be useful for differential diagnostics of the two cancer types, while strong staining of the SCCs across all the skin layers may help in detecting cancer cells in histopathologic examinations. 
